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Objective: Preoperative imaging modalities for endovascular abdominal aortic aneurysm repair (EVAR) include conven-
tional computed tomography (CT), aortography with a marking catheter, and three-dimensional computed tomography
(3D CT). Although each technique has advantages, to date no study has compared in a prospective manner the
reproducibility of measurements and impact on graft selection of all three modalities. The objective of this study was to
determine the most useful imaging studies in planning EVAR.
Methods: Twenty patients being considered for EVAR were enrolled prospectively to undergo a conventional CT scan and
aortography. The CT scans were then reconstructed into 3D images using Preview Treatment Planning Software
(Medical Media Systems, West Lebanon, NH). Four measurements of diameter and six of length were made from each
modality in determining the proper graft for EVAR.
Results: Measurements from all three modalities were reproducible with intraobserver correlation coefficients of 0.79 to
1.0 for aortography, 0.87 to 1.0 for CT, and 0.96 to 1.0 for 3D CT. Measurements between observers were also similar
from each modality; interobserver correlations were 0.70 to 0.97 for aortography, 0.76 to 0.97 for CT, and 0.73 to 0.99
for 3D CT. Significant differences (P < .01) in diameter measurements were noted at D2 with aortography compared
with 3D CT, whereas differences in length measurements were found between CT and 3D CT at L4 (nonaneurysmal right
iliac) (P < .01). The correlation between CT and 3D CT for most length measurements was acceptable (0.63 to 1.0).
Aortography for diameters correlated poorly (0.35 to 0.67) with 3D CT. When the endograft selected by aortogra-
phy/CT or 3D CT alone was compared with the actual endograft used, there was agreement in 11 of 11 patients when
adjusted for  one size in diameter or length.
Conclusion: Reproducible and comparable measures of diameter and length can be obtained by each of three imaging
modalities available for endograft sizing. As a single imaging modality, 3D CT appears to have the best correlation for
both diameters and lengths; however, the difference is not sufficient enough to alter endograft selection. Three-
dimensional CT may be reserved for challenging aortic anatomy where small differences in measurements would affect
patient or graft selection for EVAR. (J Vasc Surg 2005;41:199-205.)Rupture of an abdominal aortic aneurysm (AAA) is the
15th leading cause of death in the United States overall and
the 10th leading cause of death in men over age 55.1 First
described by Dubost et al in 1951,2,3 repair of AAA by
conventional surgical replacement with a graft has been the
standard of care since the mid-1960s.4 In 1991, Parodi et
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doi:10.1016/j.jvs.2004.12.010al5 reported the use of an endograft delivered from the
femoral artery to repair an AAA. Since that time, the use of
minimally invasive endovascular AAA repair (EVAR) has
become increasingly popular. The EVAR technique offers a
lower morbidity and shorter hospital stay than conven-
tional open repair.6,7
Unlike open AAA repair, where the surgeon can select
and adjust a graft at the time of surgery, EVAR requires
preoperative imaging to precisely define the aneurysmmor-
phology and choose the appropriate size graft.8,9 Failure to
correctly measure the aneurysm may lead to endoleaks,
graft thrombosis, graft misalignment, and failure to exclude
the aneurysm.10,11 Important in the evaluation are mea-
surements of various diameters and lengths of the aorta and
iliac arteries from the renal to the femoral arteries. Tortu-
osity of the arteries and angulation are also important to
preprocedural planning.
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CT)—a process in which CT data are reformatted in planes
perpendicular to the vessel in 3D space9 (Fig 1)— has
recently been added to the conventional imaging modali-
ties of aortography with a marking catheter and conven-
tional CT that are used to assist in proper endograft selec-
tion. One objective of our study was to determine the
variability between measurements made for endograft size
determination using 3D CT and the conventional imaging
modalities of aortography and CT. In addition, we wanted
to compare the endograft chosen by these modalities with
the endograft that was actually used in a prospective group
of patients being considered for EVAR.
MATERIALS AND METHODS
Patients. During an 18-month period, 20 consecutive
patients being considered for EVAR were enrolled into an
institutional review board-approved protocol. The cohort
comprised 16 men and 4 women ranging in age from 55 to
83 (mean age, 73.2).
Study design. This was a prospective, intraobserver,
interobserver, and intermodality reliability study to explore
the correlation and agreement between diameter and
length measurements when an aortic stent graft size is
chosen. Measurements taken with standard imaging (CT
Fig 1. Three-dimensional computerize tomography (CT) recon-
struction of a conventional CT. A CT slice has been inserted
perpendicular to the centerline.and aortography) versus 3D CT were compared.The patients’ preoperative assessment and operative
decision-making did not deviate from the current standard
of care. Each patient enrolled in the study underwent the
standard preoperative assessment, including CT scan and
aortography. The CT protocol was performed with a Gen-
eral Electric Computed Tomography Scanner, using 5-mm
collimation, 1.5 pitch, 120 mV peak, 280 mA minimum,
and 1-second rotations with helical exposure of 30 to 40
seconds. Nonionic contrast was given intravenously at a
rate of 2.5 mL/sec (total dose, 120 mL), with a scan delay
of 40 to 45 seconds. The patient was scanned from the
dome of the diaphragm to the femoral head. The recon-
struction interval was 2.5 mm.
The patient’s attending vascular surgeon used these
studies to determine which endovascular aortic graft to use.
The choice of graft size was based on multiple measure-
ments of the aneurysm and aortoiliac arteries (Fig 2). CT
scans were measured on a workstation using the worksta-
tion software for diameters and table position for lengths.
The CT scan was then reconstructed into 3D images using
Fig 2. Drawing demonstrates the locations of the 4 measure-
ments of diameter and 6 measurements of length used in this study
with reference to the abdominal aortic aneurysm.D1, aortic diam-
eter at lowest renal;D2, maximal aneurysm diameter;D3, diameter
at right iliac landing zone; D4, diameter at left iliac landing zone;
L1, length of aortic neck below renals; L2, length of aorta from
beginning of aneurysm to bifurcation; L3, length of aneurysmal
right iliac; L4, length of nonaneurysmal right iliac; L5, length of
aneurysmal left iliac; L6, length of nonaneurysmal left iliac.Preview Treatment Planning Software (Medical Metrx So-
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for the 3D CT were made using the centerline calculations.
Aortography was performed in a Philips peripheral
angiography suite by using a 5F marking pigtail catheter
with 20 marks at 1-cm intervals. Anterior-posterior and
lateral views of the aorta combined with anterior-posterior
and oblique views of the iliac arteries were performed.
Marking aortographs were measured with hardcopies by
using calipers.
Three vascular surgeons measured four diameters and
six lengths on each of the three studies (CT, aortography,
and 3D CT) twice (Fig 2). Since angulation could only be
subjectively assessed by conventional CT, this measure-
ment was omitted from the study. The surgeons were
blinded to the patient and the other surgeons’ readings.
They were also blinded to their own results by reading the
studies in random order. In most instances, the reading
surgeons were part of the operative team, although studies
were not read until months after the patient care was
rendered, and blinded to patient information as noted
above.
A blinded surgeon used aortography with CT, aortog-
raphy alone, CT alone, and 3D CT alone to select the main
body size of an endograft for each patient. The choice of
the actual endograft implanted at the time of EVAR was
based on the operative surgeon’s interpretation of the
preoperative CT and aortography. The operative surgeon
was blinded to the 3D CT as well as the study observers’
measurements.
Statistical analysis. Mean and standard deviation
(SD) were presented for each of the four diameter and six
length measurements made from each of the three modal-
ities by the three staff surgeons. Intraclass correlation coef-
ficient and 95% confidence intervals were used to assess the
reproducibility of an observer for each measurement (ie,
intraobserver reliability) and for determining the extent of
the correlation among the three observers (ie, interobserver
reliability) for the measurements made from each modality.
Table I. Intraobserver reliability presented by intraclass co
Observer 1
AG CT 3D CT AG
Dl .99 .94 .99 .80
D2 1.0 .87 .99 .98
D3 .99 .99 1.0 .97
D4 .99 .99 .98 .46
LI .99 .97 .99 .98
L2 .99 1.0 .99 .98
L3 1.0 1.0 1.0 .83
L4 1.0 .99 .99 .82
L5 1.0 .99 1.0 .99
L6 1.0 .99 .99 .98
AG, Aortography;CT, computed tomography; 3D CT, three-dimensional c
diameter; D3, diameter at right iliac landing zone; D4, diameter at left ilia
beginning of aneurysm to bifurcation; L3, length of aneurysmal right iliac; L4
of nonaneurysmal left iliac.For assessing the agreement among the modalities, theAltman-Bland method (1986) for bias analysis was per-
formed.12 For bias analysis, the mean difference (D) and
the SD of the differences (SD) between the two measure-
ment methods were calculated. The limits of agreement are
defined as D  2SD. If the differences within the limits of
agreement are not clinically significant, the two methods
may be considered interchangeably. Repeated measures of
analysis of variance (ANOVA) were used to compare the
measurement differences among the three modalities. The
overall main effect from the ANOVA showed a significant
overall difference among the three modalities at  0.05;
thus, the post hoc comparisons between two modalities at
each segment were conducted by using the paired t test and
the Wilcoxon signed rank test. Because there were many
paired comparisons for this exploratory study, effort was
made to reduce the type I error to 0.01 level as a significant
level for the comparisons.
RESULTS
Intraobserver reliability for three observers and all three
modalities (aortography, CT, and 3D CT) is shown in
Table I and demonstrates that most of the intraobserver
correlation coefficients were between 0.79 and 1.0 for
aortography, 0.87 and 1.0 for CT, and 0.94 and 1.0 for 3D
CT.
Interobserver reliability is shown in Table II for each
modality, with correlation coefficients between 0.70 and
0.97 for aortography, with one outlier at D4 of 0.48; 0.76
and 0.97 for CT, with one outlier at L2 of 0.55; and 0.73
and 0.99 for 3D CT.
Intermodality agreement between aortography/3D
CT and CT/3D CT is expressed in Table III. Significant
differences were noted with P  .01 for aortography/3D
CT at D2 and for CT/3D CT at L4. Intraclass Correlation
Coefficient (ICC) with aortography/3D CT for D1 were
poor, at 0.35.
The operative surgeon determined that 7 of the 20
patients enrolled into the study were not candidates for
tion coefficients for each observer
server 2 Observer 3
T 3D CT AG CT 3D CT
99 .99 .81 .99 .98
99 .99 .97 1.0 .99
99 .99 .87 .99 .99
98 .94 .95 .99 .99
98 .99 .87 .99 .99
98 .96 .79 .99 .99
99 1.0 1.0 1.0 1.0
92 .99 .89 .99 .99
0 1.0 .98 1.0 1.0
99 .99 .91 1.0 1.0
ed tomography;D1, aortic diameter at lowest renal;D2, maximal aneurysm
ing zone; L1, length of aortic neck below renals; L2, length of aorta from
th of nonaneurysmal right iliac; L5, length of aneurysmal left iliac; L6, lengthrrela
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combination of aortography and CT or 3D CT alone, not
to be candidates for endograft AAA repair because of short
necks below the lowest renal artery in four patients, conical
necks in two, and bilateral iliac aneurysms in one. The
remaining 13 patients were deemed to be candidates for
EVAR. One patient elected to have a conventional open
repair, and in another patient, the endograft device was
unable to be delivered through a prior aortobifemoral
bypass graft. Eleven patients underwent successful EVAR.
Table IV compares exact agreement with the graft
predicted by the imaging modalities listed and the actual
graft implanted in the patient. When agreement was ad-
justed for  one graft size in diameter or length, there was
100% agreement using a combination of aortography/CT
or by 3DT alone (Table V) and agreement in 10 of 11 when
CT was used alone in patients who underwent successful
EVAR.
DISCUSSION
The ideal preoperative imaging modality to evaluate a
patient for endovascular AAA repair would be accurate and
precisely reflect aneurysmal morphology, minimize radia-
tion and contrast exposure to the patient, be noninvasive,
inexpensive, and easily tolerated by the patient. An imaging
modality to fulfill all of these requirements is not available.
Current imaging techniques include CT, aortography, in-
travascular ultrasound scanning, magnetic resonance an-
giography, or some combination. The most commonly
used preoperative evaluation includes CT scan andmarking
aortography with or without intravascular ultrasound scan-
ning.
CT is widely used in the evaluation of AAAs and may in
Table II. Interobserver reliability presented by intraclass
correlation coefficient and 95% confidence interval for
each modality
AG CT 3D CT
ICC 95% CI ICC 95% CI ICC 95% CI
Dl .75 .55 to .88 .79 .61 to .90 .92 .85 to .97
D2 .97 .95 to .99 .86 .74 to .94 .99 .98 to .99
D3 .81 .65 to .91 .97 .93 to .99 .98 .96 to .99
D4 .48 .21 to .72 .93 .86 to .99 .73 .53 to .87
LI .91 .83 to .96 .86 .73 to .93 .88 .77 to .95
L2 .86 .73 to .94 .55 .29 to .77 .74 .54 to .88
L3 .72 .51 to .86 .90 .80 to .95 .90 .81 to .96
L4 .70 .48 to .85 .76 .57 to .89 .82 .67 to .92
L5 .97 .94 to .99 .91 .81 to .96 .99 .97 to .99
L6 .84 .70 to .93 .87 .74 to .94 .99 .98 to 1.0
AG, Aortography; CT, computed tomography; 3D CT, three-dimensional
computed tomography; ICC, intraclass correlation coefficient; 95% CI, 95%
confidence interval; D1, aortic diameter at lowest renal; D2, maximal aneu-
rysm diameter; D3, diameter at right iliac landing zone; D4, diameter at left
iliac landing zone; L1, length of aortic neck below renals; L2, length of aorta
from beginning of aneurysm to bifurcation; L3, length of aneurysmal right
iliac; L4, length of nonaneurysmal right iliac; L5, length of aneurysmal left
iliac; L6, length of nonaneurysmal left iliac.fact be the sole imaging study prior to an open procedure.It falls somewhat short of a complete imaging study when
an EVAR is considered. Arterial diameters may be over
estimated when the slices visualized intersect the aneurysm
in a plane that is not perfectly perpendicular to the long axis
of the vessel. This is common with angulated and torturous
arteries. Length measurements are also affected by arterial
angulation and tortuosity.13,14
Aortography can provide good information about arte-
rial tortuosity and length of the various segments, particu-
larly when viewed in both anteroposterior and lateral
planes; however, measurements of diameters are inaccurate
often because of mural thrombus within the aneurysm. In
addition, calcification, which can lead to deployment and
fixation problems, may not be appreciated. Magnification
effects may also distort measurements unless a marking
catheter is used. Aortography is also an invasive procedure;
risks include injury to the arteries, bleeding or hematoma
formation that may require operative control, additional
radiation exposure, and allergic reaction to the contrast.
Aortography is performed as a same-day procedure that
requires a preoperative visit in addition to the day of the
procedure, places additional time burdens on the patient,
and adds to the total cost of EVAR.14
CT and aortography are commonly used together, with
or without intravascular ultrasound scanning, in the preop-
erative evaluation of AAA repair. The limitations of one are
compensated for by the strengths of the other. It is a widely
held belief that aortography with a marking catheter is
more reliable in determining length measurements and CT
is more reliable with diameter measurements. By using
both imaging studies, an accurate assessment of the aneu-
rysm morphology may be obtained.15
Some studies have shown that 3D CT is reliable and
reproducible. The current literature addressing the use of
3D CT in the evaluation of AAAs is sparse, however, and
does not adequately compare the results achieved with 3D
CT against those achieved with aortography and CT or a
combination of the two.
Kato and coworkers16 used 3D CT to create plastic
replicas of abdominal aneurysms by stereolithography and
compared measurements of the actual models with mea-
surements of a 3D CT reconstruction of the models. This
study failed to address accuracy of the 3D CT in measuring
the actual AAA in a clinical setting prior to EVAR.
Zeman and coworkers17reported on the findings of 3D
CT in AAAs; however, their study did not compare 3D CT
with other modalities. In a study by Gomes and col-
leagues,18 patients with infrarenal AAAs underwent 3D CT
scanning, and seven of them also had aortography. The
extent of the aneurysm, any associated occlusive disease,
and location of the visceral arteries and presence of acces-
sory renal arteries were found to correlate well between 3D
CT and aortography.19 Bebe and collegues15 performed 25
consecutive endovascular AAA stent-graft placements us-
ing 3D CT as the sole preoperative imaging study. They
reported good 30-day technical success with endografts
chosen by 3D CT.
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3D CT without arteriography in patients undergoing
EVAR and demonstrated the efficacy and safety of this
approach in 196 patients. And in a recent study in a small
Table III. Intermodality agreement between aortography
tomography
AG/3DCT
Mean difference
(D) mm
SD of the difference
(SD) mm P  .01* LA
†
Dl .17 3.6 .84 1
D2 17 15 .001 31
D3 1.7 5.4 .18 10
D4 1.0 2.8 .12 5
LI 2.7 9.1 .19 18
L2 .46 12 .87 24
L3 2.9 16 .44 32
L4 7.5 15 .05 30
L5 1.1 4.3 .26 8
L6 5.5 15 .12 30
AG, Aortography; CT, computed tomography; 3D CT, three-dimensional c
at lowest renal;D2, maximal aneurysm diameter;D3, diameter at right iliac la
renals; L2, length of aorta from beginning of aneurysm to bifurcation; L3, le
of aneurysmal left iliac; L6, length of nonaneurysmal left iliac.
*P value for paired t test comparing the difference between the two modali
†LA (limits of agreement)  D  2SD
Fig 3. Distribution of patients (pt) enrolled in the study selected
for endovascular aneurysm repair (EVAR) or conventional abdom-
inal aortic aneurysm (AAA) repair
Table IV. Exact agreement in endograft selected by
blinded observers using computed
tomography/aortography, computed tomography alone, or
three-dimensional computed tomography alone and the
graph actually used
Modality Agree* Disagree
AG/CT 10 1
CT 6 5
3D CT 8 3
AG, Aortography; CT, computed tomography; 3D CT, three-dimensional
computed tomography.
*Exact agreement, N  11number of patients, Sprouse et al20 compared 3D CT withCT and concluded that the improvement in interobserver
agreement with 3D CT justified its routine use in patients
being evaluated for EVAR.
In this study we compared 3D CT to the conven-
tional imaging modalities of marking aortography and
CT in a prospective blinded manner for a group of 20
patients undergoing evaluation for EVAR. The results
(Table III) of the intermodality agreement comparing
aortography/3D CT in general support the concept that
aortography alone is a poor modality for diameters and
better for lengths, with interclass correlation coefficients
of 0.35/0.45 at D1/D2, respectively (P  .01 for D2).
Interclass correlation coefficients for lengths, however,
were largely acceptable. In addition, the concept that CT
is better for diameters is supported by the favorable
interclass correlation coefficients comparing CT/30CT,
ranging from 0.57 to 0.95 at D1-4 (Table III).
A shortcoming of this study is the omission of an angle
measurement at the neck of the aneurysm. Although this is
an important measure, the inability to measure the angle of
omputed tomography and three-dimensional computed
CT/3DCT
Mean difference
(D) mm
SD of the difference
(SD) mm P  .01 LA
† ICC
.51 2.6 .40 5 .66
4.8 13 .13 27 .57
.29 2.4 .61 5 .95
1.0 6.0 .45 12 .69
1.9 5.9 .16 10 .86
10 18 .02 36 .34
1.0 12 .57 24 .75
9.6 13 .00 26 .63
2.78 11 .28 22 .88
8.4 15 .02 30 .73
ted tomography; ICC, intraclass correlation coefficient;D1, aortic diameter
zone;D4, diameter at left iliac landing zone; L1, length of aortic neck below
f aneurysmal right iliac; L4, length of nonaneurysmal right iliac; L5, length
Table V. Agreement in endograft selected by blinded
observers using computed tomography/aortography,
computed tomography alone, or three-dimensional
computed tomography alone within one endograft size
diameter or length
Modality Agree* Disagree
AG/CT 11 0
CT 10 1
3DCT 11 0
AG, Aortography; CT, computed tomography; 3D CT, three-dimensional
computed tomography.
*Exact agreement, N  11.or c
ICC
.35
.45
.67
.43
.70
.74
.58
.72
.98
.77
ompu
nding
ngth o
ties.the neck on CT prevented this from being a validation
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20 patients in the study had neck angulation greater than
60 degrees, and in practice, it would be prudent to assess
significant angulation at the aneurysm neck by aortography
or 3D CT prior to EVAR.
Perhaps the most striking and clinically relevant infor-
mation is seen in Table V. When adjusting agreement for 
one graft size, not only did 3D CT alone and aortogra-
phy/CT combined predict the graft used in all 11 patients,
CT alone identified the correct graft in 10 of 11 patients. A
single patient in this group was deemed to have a proximal
aortic neck of less than 15 mm by CT alone, but greater
than 15 mm by aortography. This information would sup-
port the use of CT alone as the sole preoperative imaging
modality, especially for modular grafts where it is possible
to vary the length of the limbs.
It is likely that although 3D CT may be the best single
study for predicting diameter and length measurements, it
is debatable whether the difference is clinically significant.
3D CT would, however, be very useful for aneurysms with
significant tortuosity or angulation noted on the initial CT.
It would also seem reasonable in one’s early experience with
EVAR, and for purposes of instruction, to use either 3DCT
alone or with aortography/CT to best accurately size an
endograft and obtain experience with the limitations of
each modality.
CONCLUSIONS
Proper preoperative endograft sizing is crucial for suc-
cessful outcomes in EVAR. Aortoiliac diameter measure-
ments made by marking aortography do not correlate well
with 3D CT. Correlation is acceptable for both diameters
and lengths for CT compared with 3D CT. Although 3D
CT alone or the combined use of aortography/CT accu-
rately predicts within one graft size the endograft needed
for endovascular AAA repair, CT alone may be adequate in
patients without significant aortoiliac tortuosity or angula-
tion.
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Dr Victoria Teodorescu (New York, NY). Of the twenty
patients involved, only eleven patients had endovascular grafts
placed. And since, as you mentioned, accurate placement and
successful exclusion of the aneurysm really is a true measure of the
success of graft placement, I do have several questions. In terms of
the plus or minus one graft size, how, if you come up with a
difference like that, would you handle that in selecting the actualpatients? And do you think that the type of grafts that you used
would have any bearing on the results you found? Did any of the
patients require extensions or other adjuncts at the time of surgery?
And do you have any follow-up on those grafts placed in terms of
successful exclusion? Were there any endoleaks found in those
eleven patients?
And then, finally, a comment on the use of the 3D CT scan
alone. At our institution, we did compare retrospectively the
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length of the stent graft used, based on the standard angiographic
and standard CT scanmeasurements. In this group of fifty patients,
we found that the 3D CT scan actually overestimated the length of
graft selected by an average of twenty-five millimeters, and so we
are still not using this technology in terms of measurement. Actu-
ally, we think it has to do with those particular aneurysms that are
very tortuous, either at the neck or at the iliacs, by the method of
measurements that are computer derived. And so we are not
relying on this at all in terms of ordering stent grafts.
Dr Sean D. O’Donnell. Thank you very much for those ques-
tions. In choosing to look at the threshold of plus or minus one graft
sizewhenwe started this study,we thought itwould be a pretty simple
thing to compare the graft chosen versus the graft selected. However,
when we looked at the graft selected, we had a wide variety, especially
with the fact that most were Ancure. We had variable limbs and we
had limbs that were just one length difference, but themain body was
the same. So it just didn’t seem clinically significant to have exact
agreement. So we thought it was worthwhile to look at a little bit
lower threshold than exact agreement.Wedid use sevenAncure grafts
and four AneuRex grafts.We had no type one endoleaks and two type
two endoleaks and no ruptures in follow-up.With the 3D CT scan, in looking at your study, and looking at
exact measures of the postimplantation of CT, there is a fair
amount of judgment that goes into exactly what is the proper
landing zone. And I think this can bring up variabilities in the graft
that one would choose. However, I do think that 3D CT in
compromised anatomy is a very useful tool to help in that judg-
ment. But to look for exact agreements, the centerline is not
necessarily the gold standard. And I don’t think that any one
modality that exists represents the gold standard for choosing a
graft.
Dr Dhiraj M. Shah (Albany, NY). When do you do an
aortogram, or do you do a prior aortogram on all patients for
endograft?
Dr O’Donnell. Practically speaking, now that we’re using a
modular endograft almost exclusively, the standard CT scan is
performed preoperatively and we perform a marking aortogram at
the EVAR procedure. So I think we’ve moved from our initial
standard of preoperative aortography with IVUS to using CT scan
and 3DCT scan to now just using a CT scan. However, effectively,
we do get a marking aortogram at the beginning of the EVAR
procedure.
